Bromeliaceae is one of the most representative flowering plant families (58 genera, 3140 species) and makes up a large part of epiphytic species in neotropical forests [1, 2] and the fourth most diverse of the Atlantic Forest biome in Brazil [3] . The phylloplane and phytotelm from bromeliads are an important microhabitat for many groups of yeasts [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The growth of these micro-organisms depends mainly on plant-secreted metabolites or external source material falling on the sheet surface, usually inorganic nutrients [16] . Given that they have some characteristics of extreme environments, such as nutrient limitation, low or inconsistent water activity, sunlight exposure, temperature fluctuations and production of antimicrobial compounds, bromeliads are an important source for the search for new micro-organisms [17] [18] [19] .
During a survey of yeasts associated with bromeliads in north-eastern Brazil, two novel species of basidiomycetous yeasts were isolated from the phylloplane and flowers of different bromeliads. The sequences of the internal transcribed spacer (ITS) region, and the D1/D2 domain of the LSU rRNA gene showed that these species are genetically distinct from all currently accepted basidiomycetous yeasts.
Initially, two novel species belonging to the genus Bullera were described, but the description of novel species of the genera Cryptococcus and Bullera in more than one order of Tremellomycetes has generated even more difficulty in the systematic taxonomy of this group, confirming the high degree of polyphyly [20, 21] . The two novel species described herein, Carlosrosaea hohenbergiae sp. nov. and Carlosrosaea aechmeae sp. nov., are phylogenetically closely related to Bullera vrieseae [10] . In the original description, B. vrieseae was placed together with Bullera sakaeratica and Bullera miyagiana in a well-supported clade, but Liu et al. [22] did not support the relationships between the three Bullera species. In response to these needs and with the use of different genes [SSU rRNA, domains D1/D2 of the LSU rRNA and ITS regions (ITS1 and 2) of rRNA, including the 5.8S rRNA gene, in addition to four gene-encoding proteins, subunits of RNA polymerase II (RPB1 and RPB2), the translation elongation factor 1-a (TEF1) and the mitochondrial cytochrome b gene (CYTB) comprising nucleotide sequences, Liu et al. [22] reclassified B. vrieseae in the genus Carlosrosaea with a single species described (Carlosrosaea vrieseae), placing it in a monophyletic genus and a new classification for the other two Bullera species, Trimorphomyces sakaeraticus and Sugitazyma miyagiana, respectively. The three genera (Carlosrosaea, Trimorphomyces and Sugitazyma) are classified in the Trimorphomycetaceae. Although they represent independent lineages in this family, Liu et al. [23] proposed Trimorphomycetaceae as a family for a wellsupported monophyletic lineage that includes the flavus clade and Trimorphomyces papilionaceus, S. miyagiana and T. sakaeraticus.
In the present study, six yeast strains were isolated from bromeliads (Table 1 ) collected in three Atlantic Forest fragments in north-eastern Brazil. Phylogenetic analyses performed using sequences of ITS 1 and 2 and D1/D2 domains of the LSU rRNA gene show a close relationship between these species and Ca. vrieseae and significant differences in the number of substitutions. Given this, these strains are proposed as belonging to the second and third species of the genus Carlosrosaea, Ca. hohenbergiae sp. nov. and Ca. aechmeae sp. nov.
For isolation of yeasts, samples from different bromeliads were collected and immediately placed in sterile polyethylene bags, directly transported to the laboratory and washed with sterile distilled water. For yeast isolation from leaves and flowers, fragments of approximately 10 cm 2 were put in 50 ml Erlenmeyer flasks in a solution of sterile distilled water and shaken for 10 min. The water was replaced by 30 ml of Tween 20 (0.5 %), and vigorously shaken for 30 min twice [8] . Decimal dilutions from the last leaf wash were spread on YM (Yeast Malt) agar (1 % glucose, 0.3 % malt extract, 0.3 % yeast extract, 0.5 % peptone, 2 % agar), acidified to pH 4.0 with hydrochloric acid and containing chloramphenicol (400 mgl -1 ) and incubated at [20] [21] [22] [23] [24] [25] C for up to 7 days.
Yeast isolates were purified by repeated streaking on YM agar plates and preserved at À20 C or in agar slants for later identification. The yeasts were characterized by standard methods [24] . Carbon and nitrogen assimilation assays were carried out in solid plates.
The D1/D2 domains of the LSU rRNA gene were amplified with primers NL1 and NL4 and the ITS-5.8S region with primers ITS1 and ITS4 [25] [26] [27] [28] , and PCR was performed as described by Lachance et al. [29] . The amplified DNAs of the strains were sequenced using protocol facilities from the Human Molecular Genetics Laboratory -Federal University of Pernambuco on an ABI 3130 Genetic Analyzer automated sequencing system using BigDye v3.1 and POP7 polymer (Life Technologies).
The sequences were compared with the GenBank database with the BLAST tool (www.ncbi.nlm.nih.gov/) [30] . To estimate phylogenetic relationships, neighbour-joining ITS and D1/D2 trees were generated with the Kimura two-parameter model to correct for genetic distances [31] with the MEGA software, version 7 [32] . Gaps were excluded from the analysis. The robustness of trees was calculated with 1000 bootstrap pseudoreplicates [33] . The reference sequences for the trees were selected based on the phylogenetic relationships between members of the Tremellomycetes and in the classification proposed by Liu et al. [22] .
All sequences generated in the present study were deposited at GenBank and accession numbers are shown in Table 1 . Pairwise comparisons between the sequences demonstrated that all Ca. hohenbergiae sp. nov. strains had greater than 99 % similarity in the D1/D2 region (0-4 substitutions and 0-1 indels) and 99-100 % in the ITS region (0 substitutions and 0-1 indels).
Trimorphomyces sakaeratica TISTR 5803 T (AY217651)
Trimorphomyces papilionaceus CBS 443.92 T (AF075491)
Kwoniella mangrovensis CBS 8507 T (AF444742)

Kwoniella europaea CBS 12174 T (AY167602)
Kwoniella shivajii CBS 11374 T (FM212443)
Fonsecazyma tronadorensis CRUB 1299 T (GU560003)
Fonsecazyma betulae CBS 13896 T (KM408130)
Carlosrosaea aechmeae UFMG-CM-Y6095 T (KX009070)
Carlosrosaea hohenbergiae UFMG-CM-Y405 T (KX009073)
Carlosrosaea vrieseae UFMG-CM-Y379 T (JX280388)
Tremella resupinata CBS 8488 T (AF042239)
Tremella brasiliensis CBS 6966 T (AF189864)
Tremella mesenterica CBS 6973 T (AF075518)
Vishniacozyma carnescens CBS 973 T (AB035054)
Vishniacozyma globispora CBS 6981 T (AF075509)
Phaeotremella foliacea CBS 6969 T (AF189868)
Phaeotremella mycophaga RB6539-4 T (AF042249)
Genolevuria amylolyticus CBS 10048 T (AY562134)
Genolevuria armeniacus CBS 10050 T (AY562140)
Sirobasidium magnum CBS 6803 T (AF075475)
Cryptococcus neoformans CBS 8710 T (FJ534909)
Cryptococcus gattii CBS 6289 T (AF075526)
Sirobasidium japonicum MY111-05 T (LC016573)
Saitozyma flava CBS 331 T (AF075497)
Saitozyma paraflava CBS 10100 T (AY395799)
Derxomyces mrakii CBS 8288 T (AB118871)
Dioszegia aurantiaca CBS 6980 T (AB104689)
Hannaella phetchabunensis CBS 13386 T (AB922849)
Hannaella sinensis CBS 7238 T (AF189884)
Tremella leptogii AM81 T (JN043582)
Tremella lobariacearum AM80 T (JN043579)
Fonsecazyma mujuensis CBS 10308 T (DQ333884)
Fellomyces penicillatus CBS 5492 T (AF177405) The neighbour-joining tree from D1/D2 sequences ( Fig. 1 ) and ITS sequences (Fig. S1 , available in the online Supplementary Material) confirmed the six isolates as representing two distinct novel species within the genus Carlosrosaea.
The two novel species can be distinguished from each other based on the assimilation of sucrose and erythritol, which are variable for Ca. hohenbergiae sp. nov. but negative for Ca. aechmeae. Ca. hohenbergiae is variable for soluble starch and salicin whereas Ca. aechmeae is positive. Cadaverine is assimilated by Ca. aechmeae. However, a marked difference occurs with respect to the production of starch-like compounds, for which Ca. vrieseae is negative and the two novel species are positive. The physiological/biochemical differences between Ca. hohenbergiae, Ca. aechmeae and Ca. vrieseae are shown in Table 2 .
The strains of Ca. hohenbergiae were tested alone or in pairs on cornmeal agar, malt extract agar, glucose-yeast extract agar and yeast extract malt extract agar at 25 C for 21 days, but no signs of sexual reproduction were detected.
Previously, the only species of the genus Carlosrosaea has been isolated from water tanks and phylloplane of bromeliads [10] , indicating that the substrate of this plant is a good source for the exploration of other species of the genus and other genera [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
DESCRIPTION OF CARLOSROSAEA HOHENBERGIAE SP. NOV. FELIX, NAVARRO, PAULINO, BROETTO AND LANDELL
Carlosrosaea hohenbergiae sp. nov. (ho.hen.ber¢gi.ae. N.L. gen. n. hohenbergiae of Hohenbergia, the bromeliad genus from which the type strain was isolated). The Mycobank number is MB 819227.
In YEPD broth (2 % glucose, 0.5 % yeast extract, 1 % peptone) after 5 days at 25 C, cells are globose to ovoid and occur singly or in pairs (1.0-2.8Â2.2-5.7 µm) (Fig. 2a) . On YM agar (1 % glucose, 0.3 % malt extract, 0.3 % yeast extract, 0.5 % peptone, 2 % agar) after 3 days at 25 C, colonies are smooth, mucous to butyrous, glistening and cream-coloured. After 3 weeks in Dalmau plate culture on cornmeal agar, pseudohyphae and true hyphae are not formed. Sexual reproduction is not observed. Ballistoconidia production is absent, and glucose fermentation ability is negative. aechmeae of Aechmea, the bromeliad genus from which the type strain was isolated). The Mycobank number is MB 819228.
In YEPD broth after 5 days at 25 C, cells are globose to ovoid and occur singly or in pairs (1.1-3.4Â1.8-4.5 µm) (Fig. 2b) . On YM agar after 3 days at 25 C, colonies are smooth, butyrous to mucous, glistening and creamcoloured. After 3 weeks in Dalmau plate culture on cornmeal agar, pseudohyphae and true hyphae are not formed. Sexual reproduction is not observed. Ballistoconidia production is absent. Glucose fermentation ability is negative. The type strain is UFMG-CM-Y6095
T (=BM 94 T = CBS 14578 T ), isolated from phylloplane of the bromeliad Aechmea constantinii in Alagoas, Brazil. It is permanently preserved in a metabolically inactive state.
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